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Abstract
Background
Globally, the burden of mortality in children, especially in poor developing countries, is
alarming and has precipitated concern and calls for concerted efforts in combating such
health problems. Examples of diseases that contribute to this burden of mortality include
diarrhoea, cough, fever, and the overlap between these illnesses, causing childhood mor-
bidity and mortality.
Methods
To gain insight into these health issues, we employed the 2008 Demographic and Health
Survey Data of Egypt, which recorded details from 10,872 children under five. This data
focused on the demographic and socio-economic characteristics of household members.
We applied a Bayesian multinomial model to assess the area-specific spatial effects and
risk factors of co-morbidity of fever, diarrhoea and cough for children under the age of five.
Results
The results showed that children under 20months of age were more likely to have the three dis-
eases (OR: 6.8; 95%CI: 4.6–10.2) than children between 20 and 40months (OR: 2.14; 95%
CI: 1.38–3.3). In multivariate Bayesian geo-additive models, the children of mothers who were
over 20 years of age were more likely to have only cough (OR: 1.2; 95%CI: 0.9–1.5) and only
fever (OR: 1.2; 95%CI: 0.91–1.51) compared with their counterparts. Spatial results showed
that the North-eastern region of Egypt has a higher incidence thanmost of other regions.
Conclusions
This study showed geographic patterns of Egyptian governorates in the combined preva-
lence of morbidity among Egyptian children. It is obvious that the Nile Delta, Upper Egypt,
PLOS ONE | DOI:10.1371/journal.pone.0159173 July 21, 2016 1 / 10
a11111
OPEN ACCESS
Citation: Khatab K, Adegboye O, Mohammed TI
(2016) Social and Demographic Factors Associated
with Morbidities in Young Children in Egypt: A
Bayesian Geo-Additive Semi-Parametric Multinomial
Model. PLoS ONE 11(7): e0159173. doi:10.1371/
journal.pone.0159173
Editor: Claudia Torres Codeço, Oswaldo Cruz
Foundation, BRAZIL
Received: January 29, 2016
Accepted: June 28, 2016
Published: July 21, 2016
Copyright: © 2016 Khatab et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.
Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.
Funding: The authors received no specific funding
for this work.
Competing Interests: The authors have declared
that no competing interests exist.
and south-eastern Egypt have high rates of diseases and are more affected. Therefore,
more attention is needed in these areas.
Introduction
Across the globe, the burden of mortality in children in poor developing countries has long
constituted a big health concern. According to a UNICEF report in 2014, nearly 7 million chil-
dren under five die every year, which is down from over 12 million in 1990. Most of these chil-
dren (70%) are from developing countries [1]. This has prompted medical researchers and
statisticians to gain insight into this health problem with the view to developing strategies to
combat it. Prevalent among the diseases that constitute this burden of childhood morbidity
and mortality are diarrhoea, cough and fever. The mapping of variation in risk of child morbid-
ity can help improve the targeting of scarce resources for public health interventions. However,
direct mapping of relevant environmental risk factors is difficult and this has led to investiga-
tions of environmental proxies. The current study focuses on Egypt based on the fact that the
prevalence of childhood morbidity in this country has remained high during the last few years.
This is due to the lack of adequate health care facilities, distribution inequality in terms of
income and access to the basic essentials of life, and poverty. In 2014, the Central Agency for
Public Mobilisation and Statistics reported that Egypt has a population of about 87 million
people, and was regarded as the most populous country in the North Africa and Middle East
region [2].
A number of indicators have been employed to measure the well-being of the people in a
given country. For instance, the poverty index measures severe health deprivation by the pro-
portion of people who are not expected to survive to age 40. Based on this metric, the 2004
Human Development Report (HDR) submitted that 3.1% (2.2 million people) of the total pop-
ulation of Egypt lives on less than $1 per day [3]. If the analysis were based on $2 per day, then
the measure of poverty rate increases to 43.9% (30.9 million people). An important observation
made by the HDR report related to inequality in income distribution, where a few (20%) rich
individuals across the entire population benefit from 43.6% of the national income, while 20%
of the poorest people share only 8.6%. The 2009 Human Development Report (HDR) uses the
Human Poverty Index which gives a measure of overall poverty using several variables, includ-
ing health deprivation, the adult illiteracy rate, the percentage of individuals without access to
health services or potable water, and the percentage of children who are severely underweight;
on this measure it ranks Egypt 82nd among the 135 countries it includes [4,5].
The reported poverty level and income distribution inequality make the healthcare prob-
lems in Egypt particularly acute. For instance, the United Nations Children’s Fund, UNICEF
(2008) reported that the child-mortality rate in Egypt was 68 deaths per 1000 children [6].
Similarly, the WHO Global Database on Anaemia (2008) concluded that more than half of
school children suffer from anaemia and the prevalence of childhood stunting decreased from
39.7% in 1990 to 26.7% in 2010 worldwide [7]. Furthermore, the Egyptian Demographic and
Health Survey (EDHS) showed that among children under the age of five, 9% were reported by
their mothers to have suffered from diarrhoea during the two-week period before the EDHS
interview [8, 9]. Children in the age range of 6–11 months were more likely to have suffered
from diarrhoea than older children.
Previous studies [10, 11] which have focused on childhood disease in developing counties
have typically neglected aspects of the associations between fever, diarrhoea, and cough.
Notable exception to this are studies conducted in Nigeria that focused more on separate
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geoadditive probit models for cough, fever, and diarrhoea [12–14]. However, the diseases often
coexist in the same eco-epidemiological settings and may share common risk factors, and mor-
bidity and mortality may be a result of cumulative effects of different diseases. Khatab and
Fharmeir [15], and Khatab, and Khatab and Kandala [16–17] considered the three types of dis-
eases as a health status indicator for the latent variable model and Adegboye and Kotze used
exploratory analysis [18]. Thus, much work remains to be done to cultivate a better accepting
approach that allows us to investigate childhood comorbidities in a more accurate way.
In the light of the above, the aim of the study presented here is to investigate the associations
between multiple overlap of disease outcomes (diarrhoea, cough and fever) and the socioeco-
nomic and demographic indicators. This is because little or no research has extensively mod-
elled multiple overlap disease outcomes between diseases. Furthermore, little is known about
geographical overlaps in these illnesses. Gaining an understanding of such overlaps using
advanced statistical modelling may expand our understanding of the epidemiology of the dis-
eases which can then serve as a basis for designing efficient and cost-effective controls. To this
end, the current work seeks to identify risk factors responsible for the geographical variation in
morbidity at individual and community level. Obtaining the pattern of co-morbidity, combina-
tions of overlapping illnesses reported in a child will allow us to have multi-categorical
response, which can be analysed by multinomial regression models.
Materials and Methods
Study area and data
The analysis in this work is based on data available from the 2008 Egypt Demographic and
Health Survey (EDHS) (S1 Data) conducted by Egypt’s Ministry of Health and Population, the
National Population Council in collaboration with Macro International. (See Ministry of
Health and Population, El-Zanaty and Associates, and ICF International for detail information
about methods used in EDHS [8, 19]). To access EDHS data, the author first registered as a
user of the DHS website and sent a project request including the title of the study, aims,
research questions and a description of the analysis that the author proposed to perform with
the data to the database manager. There was no need to have an ethical approval to access or to
use the EDHS data.
The survey included questions designed to explore child survival and health, and socio–eco-
nomic and environmental conditions at household level. The information was collected from
women interviewees aged 15–49 years. In the survey, the health status of each interviewee’s
‘young’ children (aged< = 60 months in the 2008 survey) was assessed by asking the inter-
viewee ‘Has your child had diarrhoea, cough and/or fever in the last 2 weeks?' Overall, data on
10,872 ‘young’ children was collected in the survey [8].
Description of outcome variables
Diarrhoea. Diarrhoea is caused by varieties of micro-organisms such as viruses, bacteria
and protozoans. The disease affects the health of people and causes loss of water and electro-
lytes which may lead to dehydration and death in some cases.
Fever
Fever in children is mostly caused through viral infection. However, fever is less common and
high fevers are unusual in young infants, and any fever should be considered a danger sign of
very severe disease. The causes of fever could be an infection caused by germs (virus, parasites,
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or bacteria), or vaccinations or immunization shots. Sometimes children have fever for no
known reason.
Cough. Cough and breathing difficulty are common problems in young children.
Breastfed children with a cough or cold may have difficulties in feeding; however, breastfeeding
could help to fight the diseases [20]. Along with diarrhoea, acute respiratory infection (ARI),
particularly pneumonia, is a common cause of death among infants and young children [8].
The symptoms of diseases (diarrhoea, fever, and cough) are binary response variables
(1 = Had disease vs. 0 = No). However, a multi-categorical outcome variable was created from
the combinations of these diseases. It was created as follows: (1) if the child experienced all
three illnesses; (2) if the child was sick due to both diarrhoea and fever; (3) if the child had both
diarrhoea and cough; (4) if the child had both fever and cough; (5) if the child experienced diar-
rhoea only; (6) if the child experienced fever only; (7) if the child experienced cough only; and
(0) if the child had no disease in the two weeks before the survey. Descriptions of outcome vari-
ables are shown in S2 Table.
Covariates. We considered the following socio-demographic factors as explanatory vari-
ables: child’s age, sex, body mass index (BMI), maternal age at first birth, place of residence,
household size, and mother’s education. Also, the place of delivery and antenatal visits were
used as institutional variables. Working status and wealth index were used as proxies for the
socio-economic position of the household because EDHS does not collect information on
household income and expenditure. Egypt comprises of 27 governorates, which were catego-
rised by EDHS into 7 areas namely: Urban governorates, Lower Egypt urban, Lower Egypt
rural, Upper Egypt urban, Upper Egypt rural and Frontier governorates (see S1 Table) [19].
However, in spatial analysis, we have used 27 governorates to investigate the spatial effects in
the prevalence of overlap illnesses at the state level. This was achieved using a geo-additive
semi-parametric multinomial model.
Statistical Analyses. Let Yijk and πijk be the illness status and probability of co-morbidity
of illness. None of the three diseases (k = 0), had three diseases (diarrhoea, fever, cough)
(k = 1), had diarrhoea and fever (k = 2), had diarrhoea and cough (k = 3), had fever and cough
(k = 4), had only diarrhoea (k = 5), had only fever (k = 6), had only cough (k = 7).
We assumed that Yijk follows a multinomial distribution, i.e., Yijk ~ MN (1,πijk) where πijk =
(πij0,πij1,πij2,. . ..,πij7)0. Given some categorical covariates, Zij, metrical covariates, υik and state-
specific random effect, Sik, the probability of illness can be modelled thus:
P ¼ ðYijk ¼ kÞ ¼
expðZijkÞ
1þ
Xk
l¼1
expðZijlÞ
; k ¼ 0; 1; 2; ::; 7
The predicator, ηijk is given by ηijk = zijβk + fk(υij) + Sik, where ηijk is a known response func-
tion with a logit link function, βk is the vector of the regression parameters (explanatory vari-
ables such as gender, place of residence, etc.) and fk is a smooth function for the metrical
covariates (child's age and maternal age at first birth) which were assumed to be nonlinear in
some previous studies for each of the status categories k [15]. We have included these variables
as nonlinear metrical covariates in the early stage of this study; however, the pattern did not
show exactly the significance level of each category. Therefore, we used these covariates as lin-
ear effects instead to assess the significance level of each category (see S1 and S3 Tables). We
set the first category as reference and used the logit link for modelling.
The random effects, Sik, are district or sub-district specific factors, and can be split into
spatially structured variation (θik) and unstructured multinomial heterogeneity (ϕik), such that,
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Sik = θik + ϕik. P-spline priors were assigned to the functions f1,. . .,fp, while a Markov random
field prior was used for f (si) [21–22].
To estimate model parameters, we applied the fully integrated Bayesian approach. Though
the estimation method with this model is difficult, the estimated posterior odds ratios (OR) that
were produced could be understood as similar to those of normal logistic models. The analysis
was carried out using version 2.1 of the BayesX software package, which certifies Bayesian infer-
ence based onMarkov chain Monte Carlo (MCMC) simulation techniques [23–24].
Descriptive statistics and chi-squared tests were carried out to identify associations between
predictors, confounders, and outcome variables using version 13 of STATA. P-values of less
than 0.05 were considered statistically significant. The multinomial logistic regression model
was used to identify associations between outcome variables (combinations of health indica-
tors) and all predictors. Posterior Odds Ratios and their 95% confidence intervals were calcu-
lated (using BayesX) as risk estimates (OR; 95%CI) (S3 Table).
Results
S1 Table shows the distribution of the factors that were considered in the analysis and their
associations with the three indicators of the childhood morbidity.
The following factors were significantly associated with diarrhoea (S1 Table): household
size (P<0.001); antenatal visit (P = 0.03); and wealth index (P = 0.006). For fever, the signifi-
cant factors were place of residence (P = 0.01); antenatal visit (P = 0.02); wealth index
(P = 0.002); and mother’s education (P = 0.02). Cough was significantly associated with sex of
child (P = 0.04); antenatal visit (P<0.001); working status (P<0.001); and wealth index
(P = 0.003). BMI was classified according to WHO guidelines [25]. Results showed that 62% of
children with diarrhoea, 65% of children with fever, and 68% of children with cough had over-
weight or obese mothers. However, BMI has only statistical significant effect on diarrhoea
(P<0.001). S1 Table also shows the prevalence of the three ailments by governorates of Egypt.
It indicates that most of governorates are significantly affected by the co-morbidities. Upper
Egypt (urban and rural) seems to have the highest percentages of child’s diseases compare to
other governorates. It shows that 20.4% children who live in Upper Egypt urban had cough
while 13.9% had diarrhoea in this governorate.
S2 Table presents the distribution of the outcome categories. It shows that, of the children
who had one or more of the three diseases, most (6.84%) had fever and cough followed by
those who had only diarrhoea (4.6%). Few who had diarrhoea and cough (0.59%) or diarrhoea
and fever (0.79%).
S3 Table participants split within the seven categories of multi-categorical indicators of
morbidities.
It presents the results of the multinomial logistic regression analysis. The table displays the
estimated effects of the categorical variables: BMI, sex of child, place of residence, household
size, antenatal visit, place of delivery, working status, living in an urban area, mother’s working
status, wealth index, mother’s education, and Egyptian governorate on combination of diseases
in Egypt. The first column presents the odds of having three diseases versus those of having
none of them. The results showed that children under 20 months of age were more likely to
have the three diseases (OR: 6.8; 95% CI: 4.6–10.2) than children who were between 20 and 40
months (OR: 2.14; 95% CI: 1.38–3.3). This is also true for the other different combination of
diseases, particularly for the diarrhoea & fever (OR: 17.14; 95% CI: 5.3–55.2), diarrhoea &
cough (OR: 4.9; 95% CI: 2.2–10.6), and those who had diarrhoea only (OR: 4.9; 95% CI: 3.6–
6.5). Additionally, the likelihood of having the three diseases (OR: 1.2; 95% CI: 0.8–1.4) and
having diarrhoea & cough (OR: 1.6; 95% CI: 0.96–2.7) was higher for boys than for girls. On
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the other hand, the association between male and the other combination (e.g. diarrhoea &
cough, fever & cough, etc.) of diseases was not that high.
The children of mothers who were over 20 years of age were more likely to have only cough
(OR: 1.2; 95% CI: 0.9–1.5) and only fever (OR: 1.2; 95% CI: 0.91–1.51) compared with their
counterparts. There is an association between mothers who had BMI over 18 (overweight/
obese) and fever only and cough only respectively. However, BMI did not show significant cor-
relation with the rest of rest of combined morbidity compared to no illness. Likewise, children
living in an urban area were more likely to have the three types of diseases (OR: 1.8; 95% CI:
1.3–2.3).
The estimated odds ratio shows that children from mothers with some antenatal visits dur-
ing pregnancy has increased risk of all the seven categories of diseases except the combination
of diarrhoea and cough. An increase in household size increases the chance of a child suffering
fever and cough, and cough only. Our results show mixed association between place of resi-
dence and the seven categories of diseases. Additionally, children delivered at home or other
places have higher likelihood of having only cough or only fever compared with children deliv-
ered at a public or private hospital.
Similarly, the chance of having the three diseases is slightly higher for children with working
mothers. Maternal education is a significant risk factor for childhood morbidity; mothers with
secondary and higher education have lower risk of having the three diseases, fever and cough,
and diarrhoea only. Similarly, children from poorest and poorer households are 2.5 times more
likely to have all the three diseases and the same goes for the remaining six categories of the
disease.
Fig 1 shows the structured spatial effects of co-morbidities. The results confirmed evidence
of regional differences in the likelihood of a child having a combination of diseases. From the
graph, it is clear the North-eastern region of Egypt has a higher likelihood than most other
regions. Using Frontier governorate as a reference, children residing in Upper Egypt Rural
have the highest risk of having all of three diseases, and diarrhoea and fever. Similarly, the like-
lihood of having cough only, diarrhoea only, and fever and cough is higher in Upper Egypt
urban than any other region, while the likelihood of fever only is highest in the Urban region
(S3 Table).
Discussion
This study reiterates the importance of socio-demographic variables and their effects on mor-
bidities. An understanding of the dynamics of comorbidities is crucial in assessing the health
situation of a population. Several diseases may play different roles in the body, and thus the
concept of multiple analyses is important. This study provides an important empirical study of
comorbidity among children in Egypt.
We found children less than 20 months are at higher risk of any of combination of cough,
fever, and diarrhoea, in single or multiple morbidities. However, the likelihood of diarrhoea
and fever was higher among children of less than 20 months than any other diseases. This is
not surprising because diarrhoea is very common in children [26]. Our results showed preva-
lence of disease to be highest among children aged 6 to 12 months of age and these results are
in consistent with some previous studies (Khatab and Fahremir; Khatab; Khatab, and Kandala)
[15, 17]. This result suggests that male children were more likely to have all but one of the
seven categories of disease classification except diarrhoea and fever than their female counter-
parts. This phenomenon was attributed to biological reasons in Khatab and Fahrmeir [27].
We have found children from women above 20 years to have higher risk of the three dis-
eases, fever only and cough only than younger women. However, children from younger
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woman have increase chances of diarrhoea and fever, diarrhoea and cough, fever and cough,
and diarrhoea only which is consistent with previous studies [15, 28].
The odds of BMI did seem to have a slight effect on the morbidities. However, this result is
not consistent with some previous studies which reported that parents with low BMI values are
malnourished and are therefore likely to have undernourished and weak children [13]. Children
frommothers with some antenatal visit had increased risk of most of the diseases. This seems
counter-intuitive; however antenatal visits may be a sign of problem pregnancies and perception
bias of morbidity [15]. The lower quintile of the wealth index represents the households with
lowest socio economic status, was associated with higher risk of all categories of morbidities
except fever only. This result confirms that household wealth inequality is significantly associated
with childhood diseases and it suggests that reducing poverty and making services more available
and accessible to the poor are essential to improving overall childhood health.
From the results, we have found that mothers’ education plays a significant role in her
child’s morbidity, which may be as result of community enlightenment, communication of
Fig 1. Maps of Egypt showing the spatial effects (posterior OR) on Co-morbidities: I. all illnesses vs. no illnesses, II. Diarrhoea and Fever vs. no illnesses, III.
Diarrhoea and Cough vs.no illnesses, V. Fever and Cough vs.no illnesses, VI. only Diarrhoea vs.no illnesses, VII. Only Fever vs.no illnesses, VIII. Only
Cough vs.no illnesses.
doi:10.1371/journal.pone.0159173.g001
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medical risks and increase immunisation uptake [29]. Since a lot of the diseases that affect chil-
dren are vaccine-preventable, immunisation remains the most important and cost-effective
public health intervention for protecting individuals, families and communities from these dis-
eases. Such intervention options can help in truncating the cycles of disease transmission [29].
The increased odds ratio of having disease(s) was higher for a few comorbidity of working
mothers. This might be because working mothers usually leave their children at home in the
hands of relatives or a nanny. Often, the duration of full breastfeeding is shortened for working
mothers, which may lower the chance of child’s survival [30]. Moreover, caretakers are mostly
illiterate; this could have a side effect on the health of the child in the early months [27].
There was evidence of geographical variation of combinations of disease co-morbidities in
Egypt. The higher likelihood of co-morbidities observed in the North-eastern part of the coun-
try was attributed to Food insecurity associated with water supplies and quality of water could
be a reason for these negative effects in this area. [27]
Conclusion
We have presented multivariate spatial models for three combined diseases in Egypt. These
types of epidemiological studies have been relatively few and in some cases have been limited
to exploratory analysis (e.g. Adegboye and Kotze, Kazembe, and Kandala, Kazembe et al. [18,
31, 32]).
We have seen significant differences in morbidity across Egypt and the role played by socio
demographical variables.
This study is novel, because the dependency between multiple morbidities has not been
examined before in Egypt. The findings provide the possibility of simultaneously looking into
issues of multiple morbidities among children in Egypt. The maps could be used for targeting
regional development in the future. It is obvious that the Nile Delta, Upper Egypt, and south-
eastern Egypt have high rates of diseases and are more affected. Therefore, more attention is
needed in those areas. These areas are more likely to have higher poverty compared with other
areas, due to poor health facilities and the quality of health care provided for maternal and
child health or even poor care and misdiagnosis during hospital care [16].
Strength and Limitations of this Study
To our knowledge, this is the first study of its kind in Egypt that describes multiple overlap dis-
ease outcomes between diseases in Egyptian children, identifies geographical overlaps in these
illnesses and sources of changes, and assesses associated factors contributing to the changes in
the overlaps between the illnesses.
Although demographic and health surveys (DHS) are comparable to nationally representa-
tive household surveys that have been conducted in more than 85 countries worldwide since
1984, one of the limitations in this data is that the potential selection bias of the data since data
were collected from a self-reported survey, rather than from medical examinations conducted
by trained medical staff. Therefore, the responses may be subject to recall bias or misinterpreta-
tion of the children’s symptoms.
When this research project started, EDHS 2008 was the most recent dataset and this is why
the authors did not consider the updated survey from 2014.
Supporting Information
S1 Data. EDHS data 2008.
(SAV)
A Bayesian Geo-Additive Semi-Parametric Multinomial Model
PLOS ONE | DOI:10.1371/journal.pone.0159173 July 21, 2016 8 / 10
S1 Table. Distribution of factors analysed in childhood morbidity in Egypt (DHS 2008)
(DOCX)
S2 Table. Cross-classification of children by diarrhea, fever, and cough in Egypt (DHS
2008)
(DOCX)
S3 Table. Association of childhood morbidity according to selected socio-demographics
factors
(DOCX)
Author Contributions
Conceived and designed the experiments: KK. Performed the experiments: KK. Analyzed the
data: KK. Contributed reagents/materials/analysis tools: KK OA. Wrote the paper: KK OA
TIM.
References
1. Unicef, Levels & Trends in Child Mortality. 2014.
2. CAMPAS., Egypt’s population to reach 87 million by Tuesday: CAMPAS. The Cairo Post. Retrieved
from http://www.thecairopost.com/news/122276/news/egypts-population-to-reach-87-million-by-
tuesday-capmas. 2014.
3. Ross-Larson, C.M.a.B., Human Development Report, United Nations Development Programme.,
2004. 0-19-522146-X.
4. UNDP Human Development Report (2009).
5. Khatab K., 2012. The Arab Spring: Where is Egypt now? Significance, volume 9, Issue 2, 2012, Royal
Statistical Society & American association Society.
6. UNICEF, 2008. The State of the world's children. UNICEF.
7. de Onis M, Blössner M, Borghi E, 2011 Prevalence and trends of stunting among pre-school children,
1990–2020. 2011; 15: 142–48.
8. Survey DHS. Demographic and Health Survey for Egypt. DHS. 2008.
9. Organization WGDoAGWH, 2008. World Health Organization. Worldwide prevalence of anaemia
1993–2005.
10. Miller P. and Hirschhorn N, 1995. The Effect of Nutritional Control of Diarrhoea Diseases Program on
Mortality: The Case of Egypt. Social Science Medicine; 40(10):1s–30s.
11. Miller P, Loza S, Terreri N, Nagaty A, Bayoumi M, Hirschhorn N, Gipson R, 1994. United Nations Chil-
dren’s Fund, Cairo, Egypt. Journal Diarrhoeal Diseases Research. 12(4):293.
12. Kandala NB and Ntarangwi M, 2004. The spatial epidemiology of childhood diseases in Malawi and
Zambia. African Population Studies; 19:199–226.
13. Kandala N.B., Magadi M.A. and Madise N.J, 2006. An investigation of district spatial variations of child-
hood diarrhoea and fever morbidity in Malawi. Soc Sci Med. Mar; 62(5):1138–1152.
14. Kandala NB, 2006. Bayesian geo‐additive modelling of childhoodmorbidity in Malawi. Applied Stochas-
tic Models in Business and Industry; 22(2):139–154.
15. Khatab K, Fahrmeir L., 2009. Analysis of childhood morbidity with geoadditive probit and latent variable
model: a case study for Egypt. Am J Trop Med Hyg.; 81(1):116–128. PMID: 19556576
16. Khatab K., 2010. Childhood malnutrition in Egypt using geoadditive Gaussian and latent variable mod-
els. Am J Trop Med Hyg.; 82(4):653–663. doi: 10.4269/ajtmh.2010.09-0501 PMID: 20348515
17. Khatab K and Kandala N.B, 2011. Latent variable modelling of risk factors associated with childhood
diseases: Case study for Nigeria', Asian Pacific Journal of Tropical Disease. Asian Pacific Journal of
Tropical Disease.; 2222–1808:169–176.
18. Adegboye OA and Kotze D, 2014a. Causes and patterns of Morbidity and Mortality in Afghanistan:
Joint Estimation of Multiple Causes in the Neonatal Period. Canadian Studies in Population.; 41
(12):164–178.
19. Ministry of Health and Population [Egypt] E-ZaAE, and ICF International, 2015. Cairo, Egypt and Rock-
ville, Maryland, USA: Ministry of Health and Population and ICF International.
A Bayesian Geo-Additive Semi-Parametric Multinomial Model
PLOS ONE | DOI:10.1371/journal.pone.0159173 July 21, 2016 9 / 10
20. Khatab K., 2013. Bayesian Geoadditive Mixed Latent Variable Models with Applications to Child Health
Problems in Egypt and Nigeria-,"Advanced Techniques for Modelling Maternal and Child Health in
Africa”. Springer Books ISBN: 978-94-007-6777-5 (Print) 978-94-007-6778-2
21. Fahrmeir L and Lang S, 2001. Bayesian Inference for Generalized Additive Mixed Models Based on
Markov Random Field Priors. Applied Statistics; 50:201–220.
22. Brezger A Kneib T, Lang S. Bayes X, 2015- Software for Bayesian Inference based on Markov Chain
Monte Carlo simulation Techniques. Available at: http://www.stat.uni-uenchen.de/lang/BayesX;1.4.
23. Brezger A and Lang S, 2005. Generalized structured additive regression based on Bayesian P-splines.
Computational Statistics and Data Analysis; 50:697–991.
24. Lang S, Brezger A. and Kneib T, 2005. BayesX: Analysing Bayesian structured additive regression
models. Journal of Statistical Software; 14 (Heft 11).
25. WHO (1995) World Health Organization (WHO) Expert Committee on Physical Status. The use and
Interpretation of Anthropometry. Report of a World Health Organization Expert Committee. Geneva:
WHO Technical Support, Series 854
26. Scariati PD, Grummer-Strawn, L.M. and Fein, S.B. A, 1997. longitudinal analysis of infant morbidity and
the extent of breastfeeding in the United States. Paediatrics; 99.
27. Khatab K and Fharmeir L., 2008. Analysis of Childhood Morbidity with Geoadditive Probit and Latent
Variable Model: A case study for Egypt. Department of Statistics: Technical Reports; 21.
28. Adekanmbi VT, Kandala N.B., Stranges S. and Uthman O.A, 2015. Contextual socioeconomic factors
associated with childhood mortality in Nigeria: a multilevel analysis. Journal of Epidemiology Commu-
nity Health; 0:1–7.
29. Adegboye OA, Kotze D., 2014b. Multi-year Trend Analysis of Childhood Immunization Uptake and Cov-
erage in Nigeria. Journal of Biosocial Sciences; 46(2):225–239.
30. YahyaWB and Adebayo S.B, 2013. Multilevel ordinal response modeling of trend of breastfeeding initi-
ation. American Journal of Biostatistics; 3(1):1–10.
31. Kazembe LN, Kandala N.B, 2015. Estimating areas of common risk in low birth weight and infant mor-
tality in Namibia: A joint spatial analysis at sub-regional level. Spatial and spatio-temporal Epidemiol-
ogy; 12:27–37. doi: 10.1016/j.sste.2015.02.001 PMID: 25779907
32. Kazembe LN, Simoonga C, Muula AS, 2009. Joint spatial modelling of commonmorbidities of child-
hood fever and diarrhoea in Malawi. Health Place; 15(1):165–172. doi: 10.1016/j.healthplace.2008.03.
009 PMID: 18486524
A Bayesian Geo-Additive Semi-Parametric Multinomial Model
PLOS ONE | DOI:10.1371/journal.pone.0159173 July 21, 2016 10 / 10
